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1. In ths treatment of solid bltumaulf eroue 
mineral matter to obtain valuable produota therefrom, the 
prooaes infliloh oomprlesB heating such bltnoanlf eroua matter 
in latlmste fluid oonanlzture with an ammonia-liberating base 
and an oil at temperaturea not substantially exoeedlzig 
about 700»J» and rooovaring volatilized produotB. 

5. In the treatment of solid bltumenif erona 
mineral matter to obtain valuable products therefrom, the 
prooest^ lAiioh oomprlaes dlgeating, at ten^teraturea not sub- 
BtantieO-ly exceeding about 700°^, auoh bltumenif eroud matter 
in finely divided oonditiou and in intimate fluid oommlxture 
with finely divided oauatio lime and a mineral oil, and 
recovering volatilized produota. 

9. In the treatment of solid bitomenif erous 
mineral matter to obtain valuable produota therefrom, the 
prooeaa i^ioh ooiqprlBes heating such bitumenif aroua mtter 
in Intimate fluid oonnixtura with an ammonia-liberating base 
and an oil at teiqperatures not aubatantially exceeding about 
7000^, the mixture being agitated and maintained fluid 
throughout tha digestion, reoovering volatilized'produota ' 
during digeation, separating residual solid matter from ths 
still fluid mixture after digestion, and diatllllng suoh 
separated solid matter to oofc© with recovery of distillate. 

4, !Fhe prooeea aa defined in olaim 3 further 
oharaoterlzed by oonduoting the ooUng diatillation at tempera- ' 
tures from about 700?? up to about 900"?. 

6. Tho prooess as defined in claim 3 further 
oharaoterlzed by subjeotlng the resultant ooke, without 
cooling, to controlled combustion, and reoovering ammonia 
from the combustion gases. 
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10. The prooesB of treating solll bltumenlferoua 
matter, euoh as shale and the lllce. to ohtain valuahle pro- 
dttote therefrom, whloh oompriaea finely grinding together 
Buoh hittimenlfero-ttB matter and lime, digeating the grotrnd 
material at ten^peratwrea within the approximate range of from 
a00» to 700»» with auff lolent heavy mineral oil to prerlde 
a fluid digestion mixture, and reooverlng hoth llherated 
ammonia and TolatUlaed hydrooarhona. 

11, The prooeaa of treating hitumlnoua ahale or 
the like to obtain ralnable prodnota therefrom, whloh oom- 
prlaea preparli« a mixture of pulTerlaed ahale or th. like 
with oanatlo lime and enough heayy mineral oil to give the 
mixture a fluid oonalatenoy. digesting aald mixture with 
the aid of agitation at tea^eratures aufflolently high to 
IKluefy a wibatantlal portion of the abale bitumens but 
miiufflolently high to eause aubstantll oarbon daa^.ltlon. 
aald mixture remaining fluid during the digestion. reooTer- 
iBg amonla liberated sad hydrooarbons ^latUlssd dnrlng 
digestion, aepaxatlng residual solid matter from the diges- 
tion mixture, apd ^estruotlToly distilling suoh separated solid 
matter* 

18* The prooeaa of treating bituminous shale «r 
the like lAioh ooinprl.es heating and agitating a fluid mix- 
ture of finely ground shale, finely ground oaustlo li»e an* 
• heavy mineral oil. at temperatures above 500»» but not 
.nbst«xtlally exoeedlng 700-F. and reooverlng liberated 
•Bnonla and T«aatlll»sd hydrooarhona. 

la. The prooeaa as defined in olaim IE to whieh 
.^proximatSly 1 to E par oent of llms is enrploysd In the 
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14. She proosas aa d«f iaad la olain IE obaraatarisaA 
by %b» further atapa o* aaetruotlTaly Alatllllng tha raaldaal 
aolld natter from the dl«aati«n to obtain oeka and folrther vola- 
tile matter inala&lne aoBonia. 

18. the prooeao aa defined In olal» 9» further oharao- 
terlied by the faot that the digeatloa la carried on at teapera- 
turea approKlmatlag &S0* to 700* f* 

16. Xhe prooaaa aa defined In olaln 11» farther oharao- 
tarlaed by the faot that the dlgeatton la carried on at tenpem- 
tnroa approxlaatlnc 660* to 700* f. 

17. la the art of obtaining ralnable produota fron 
aolid bituBaalferma Blnaxal natter* the prooaaa idxloh oca- ^ 
priaaa dattrvotlToly diatllliot to oofcy aonditlon aa intlnata 
ooMlxtara of aaoh ■inoral natter and llM at toafporatnraa it«« 
(idhaiantlally axooedii« 900* and raooveirliBil a roaaliani 
diatlllata* 

18« tta pro9oaa of t^eatlnc aolid )|itaMn$fe9o«p 
iinaral antta* which oonj^Uaii difoatioi «ioh natter in^flneXy 
dlTidei oonditlod a* teiiarattiraii abofa 900* iV i* 
ll^ayni oil and a rea«aikt oapaJbla of ^ladlix anlfar p^eiant la 
reaotita atata oadex tha. aonditlona 9f opera tloni and o^lleotio« 
. -a dlatillaia* ' " ' • . 

»• fta ptooaaa of tyaatlac bltuainoua fhala at ; 
the Ilka whleh OMpriaaa dlisaatlag. at tenperatnraa aboyt 
SQO* t> bat not aubatantlally higher than 700* ti, a fl^lA 
•ixtuta ooaprlalnc finely dindod ahale« a heavy nlnerai olijj 
a«d a valatlToly amll proportion of oauatlo llne» and 
eollaotlag dlatlUata fron the dlgeation. 

Signed at Portland* Oregon* tbla l^th day of 
ialyi »». 

*»• H«»n*l«y Haapton 

In the preaence ofi . . .... . .j... ■ • .\ 
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This Itwentlon relates to Art of Treating 3hale 
and Other BltumenlferouB Soliao; and In particular the 
inTention has to do with the digest ion of ditfle or the like 
with a heaTy mineral oil. In Intimate mixture with a 
relatively snail prnportion of an added emmonla-llheratirg 
base. Buoh aa oauatlo lime, wader oondltlons of tamperatta-e 
such that oomplex nitrogen oompounda present In the bltamon- , 
Ifexons mineral are deoonipoBeA at least to a suhatantial 
•stent with liberation of aananla whloh oan he reoovered hy 
saltahls Dsaas conoomitantly with reoovery of valnahlo 
hydrpoarhon oil fraotions yaporlsad dtiring the digestion 
pxooesa, wttle at the same time snlfor present In reaotlTO 
oondltloa la honnd or fixed and Its evolution aa hydrogen 
sulfid and eiaalogous usdestrahle Tolatllo sulfnx oaapoonds 
is substantially suppressed. 

In prior copending applloatlons I have dlsftlosed 
and olaHmd methods of treating ahale and other hltumanlferouB 
solids hy digesting /^he. sane, In finely divided ooolltloo ,an^ 
m fluid admimture with a relatively heavy mineral oil at 
temperatures preferably ranging from about 60Q«. to 700'f .and 
raooverlng hydrocarbon oil fraotions vaporized during the 
digestion, the residual solid mineral matter remaining after 
the digestion heing then most desirably separated from the 
aoooapanylng unvaporiaed oil and bitumens and eubjeoted to 
deatruotlve distillation for recovery of hydrooarbon products 
from suoh bltumaniferous matter as may have resisted the 
"liaaefylng aid resolving action of the digestion oil. The 
prooesa thus briefly outlined has proved thoroughly success- 
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fal 'but In oarrylng the same out in praotioe I bave now f oiml 
It eapeolally aAvanbageoaa to Introduoe oertaln modlf loatlons 
that aotaleve and Inoreaae the efflolenoy and ooonomy of the 
proooBB and otherwise favorably affeot the resolta attained. 
She bitumens present tn oil shale and like mineral matter 
praotloally tHnsyo oontaln appreoiable peroantagea of 
nitrogen in oomplez oombination. Sulfur may also be ptesent 
either in organlo or inorgaaio oombination, or both. The 
nitrogen exista partly in oombination with hydrogen and 
oarbon* aad aometlnss also vlth sulfur, in the form of aoido 
or aaldo-aalfar oosqpotmda. 

TTnAer tfae ooxditions of digesting sbale with oil 
in aooordanoe with the prooedures disolossd in 117 prior 
applloations aforesaid, praotloally none of the nitrogen 
existing in these oompl ex forms is liberated as anaaonia daring 
digestion. Ihe oM fractions Yaporlaed during digestion and 
rsoo-vered as oondensatea, as well as the residual unTaporlaed 
body of oil oomprised in the digested mixture, oontaln nitro- 
gen oompounds} and so does the residual solid bltnainous 
natter that has resisted or esoaped the breaking-down aotion 
of the hot oil bath. ' The nitrogen oompounds present in the 
various oil fraotions oause the oils to darken upon standing 
and to deposit resinous asphaltio subatanoes insoluble in 
oils but soluble in oertaln solvents suoh as aloohol or bensol. 
The aforesaid residual solid bituminous matter, upon 
separation from the digestion mixture and destructive distilla- 
tion, yields ammonia in free or available fona due to pyro- 
genio deoompositlon of the bituminous oontant. 

Ihe sulfur content of the original shale or other 
bitumeniferouB mineral treated may be present as a oonstituent 
2 
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of or a8800iBta& with bittuiMa oomplexea. In whloh foxm it is 
highly detrimental because it la largely reaotive at the 
digestion tamperataree In question and la evolved aa hydrogen 
anlf id or analogous volatile sulfur oonpounda when digested 
at 670* to 700*r under tba oonditlona of operation aet isrth 
in my prior api^ioationa aforesaid. On the other hand, 
aalfur preaent in the fora of iron ^^'itea, wMoh are oarrled 
by aome shales, la not evolved during dlgeation, iron pyrltea 
being, atfb at anti ally inert at the teaqpwatorea of digeatlon.' 
aimllavly etable oompounds aiuh aa salf ataa are not affeotaA. 

- Xt la therefore a i^lnolpal . ob jeot of ttaa praaent 
Invention to ao oondvot tto dl8*«^ion treatBexxb of the ibala 
or . other hLtaminotia ml^eriki ai, largely to hreafc. iiawd t ha 
nltrogan oanplaxea preaant and to liberate aigmoi4,a: whloh oaa 
bO: reoovered aa a valuable by«r]^roduot aeparately fron tha oil 
fraotlona vapor! led doting dligeatlon, at the saa» tlM. avoid- 
ing format ion egad depoi^Ltlon:. of reaihiaita aubatancies of'itHa 
Qfaaraoter above aan^oned not only in the lighter ail llraotioins 
bat alBtf in thoae not vaporlied dorixig digsatloh. A f toother 
objaot la to bind or^fix^i^ea^tlve aalfar in suqtt. o(ame]^. aia . 
to suppress ita liberatioa aa hydrogen auifld ox- In other 
volatile form vthila at the eame tine porlfyinjf the -hydrooary 
bon olla produoed by the vfoooaa. 

Other objeota and advantagea of the invention will 
baoome apparent aa the deaorlptlon prooeeda* 

I have found that the objeota of the invention ara 
attained by oarrylng out the digeatlon treatment In the pre- 
aanoe of a auitabla p:(>bportlon of a baae that will reaot under 
the oonditlona of digeatlon to liberate nltrogan aa aomonla 
either wholly or to a aabatantial extant, from the oaablna- 
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tlons in whloh It oootirs In the mlnaral; and that will also 
reaot to 'bind raaotiva aulfar praaant. Any baaa oapable of 
raaotlQg to attain these xeaults, oan be atiliaed within the 
hxoad Boope of the preaent imrantlon; hat for praotioal 
parpoaea It ia found adTeutageoiia to employ lima as the 
hasio reagent in qnaation, and espeoially to employ oauatio 
lime (OaO), the hydrated form being nsaally moh leas effeo- 
tire. Ihs exact quantity of lime or other baaio reagent 
to be eniployed in a given inataaoe naturally depends upon the 
proportions of nitrogen and salfor oontained in the shale in 
a form whlob. they will reaot with auoh baae. With the 
ararage shale, an addition of 1 to S per omt by weight of 
oaaatio lima is ordinarily suffioient to aooompliah the 
pttrposaa in and it ie a very ezoeptional shale tbat 

requires as moh as 6 per oent.to aohleve the reanlta sought. 

In order to seonre the beat reaulta in oarrying 
oat the Invention, it is of great ixnportanoe to ensure that 
the oenstio line or other haaio reagent la hr ought into 
proper reaotiQg relation with the shale. For mazlmom 
effeutiveneaa, both the ehale and the lime should be finely 
pulverised' and very intimately oommlngled. Ihls is best 
aooompliahed by grinding the lime ani abale together, the 
shale having been previously dried If neoeasary so that 
the lime undergoes little or no hydration during the mixing 
or . blending operation. In a partioularly desirable way of 
aooomplishizig this grinding In praotioe, the shale wbioh 
has been previously coarsely oommlnuted by rough orusblng, 
together with the necessary omount of added oaustlo lime 
and a part or all of the heavy oil to be used in the diges- 
tion mixbxrd, are all mixed together by suitable agitating 
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or Btirring msanB and the mixture Is preheated to aay ZOO* 
or 400*F, at whloh temperatures the shale becomes oomparao 
tlvely soft and friable and la thus In partionlarly favor- 
able oosdltlon to undergo fine grinding In suitable grinding 
maohlnery, whereas without auoh preheating it la very much 
more dlCfloult to pulTsrise. She mixture thus prepared and 
preheated as desorlbed may be run Into a ball mill or other 
suitable grindii^ devlos and the solid oonstituents of the 
mixture reduced with ooraparatit e ease to a fineness suoh 
that substantially all of the sollde will pass a 100-meah 
aiere, and In prawtloe it is foond desirable that the grind- 
ing or pulveriglng be contioaed tmtll 60Jt or odir* of the 
solids will pass &P0>meiE|li< j^^^^ most 
Intinate oommixtare of oaiiBtie line witb the bitamlnoas 
^irwyki , thereby- favor li>43: sffioient reaotion of the: line upon 
ibe deooiipoBable niteogM .oomppw4 the minwal dwiog the 
BaVB«qin«ot digest ioia witlt lllM>atioQ of anaioixl». <m t1^^^ ooai 
tiaiidt reaqtire- sulfur as oaloium .salf ^^d ;i( OaS^^^ 

oh; thflf other. Farthermore, fine grinding offeptlTely 
eaqpoaoa the refrsMtox^ bitumens of the shale to the - 
llq,uefy4xig.a^ deppmprosJjo^, :^9.ti.a^ heayy dlgestlo^n. pl1^|«. 

She oil used for the digestion bath may vary 
Qonsiderabiy in oharaotec b«^t it should desirably odnslst 
wholly or in substantial part of oil fraotions that, do' not 
Tapori«e extenslTely at or below 700»F. In storting opera- 
tioiiB, this oil may be a stripped oil, a grade of steaa 
oylliid«E> stook known oGBBMrpially as Oongo cylinder oil 
being suitable, for example. After the pxQoeaq baa been 
operating for a sofflQlpnt period, the dlgesHon oil used 
may be: the heaTier fraotions of oil derived from the sfaals' 
itself. In some oases it is advantageous to employ prude 
petroleum for making up the digestion bath. The amount 
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of heavy oil so oommingled with the ehalo and lime may vary 
oonslderahly depending upon the oharaoter of the particular 
ahale to be "treated. In the oase of a typical Colorado shale 
that normally yields ahout 30 gallons of oil per ton hy the 
ordinary 3ootoh diBtlllation tnathod, mixing ahout one 
volume of heavy oil with two volumes of oruehed shale gives 
good results. Bloher shales require relatively less heavy 
oil, and leaner shales more. The quantity of oauatio lime 
used is advantageously somewhat in exoees of that theoreti*- 
oally required to effeot the desired ammonia llheration and 
sulfur fixation, espeoially sinoe the hreafclng down of some 
of the oxygenated hitumens during the digestion apparently 
effeota hydration of the lime to some extent and thus reduoes 
its aotlvity at this stage of the proa ess, although this 
hydration le of advantage at a later stage, as will herein- 
after he pointed out. As a rale, the use of two par oent 
by wAigbt of o«u8tlo lime, figured on the weight of the shale, 
IB suffiolent, end in many oases one per oent is enough. 

Xha finely ground mixture prepared as ahove 
desoribed should be fluid in general oharaoter, a slurry- 
like oonsistenoy being suitable. The temperature of diges- 
tion should be high enough to bring about the desired lique- 
faotlon and breafclng down of the shale bitumens in the oil 
digestion bath. At the same time the tenqperature should not 
he allowed to go high enough to oause the far-reaohing deoompo- 
sltion of the oil hydrooarhons with deposition of free oarbon 
and formation of oolca whloh oharaoteriees what is oommonly 
termed "oraoili^". In praotloe it Is found desirable to 
loalntall the digestion bath at ahove 500»F, a range of from 
600" to 700'P being suitable, and the optimum range belngf 
about 680* to 700»?. The fluid mass should also be 
6 



thoroughly agitated o ontinuoualy throughout the digestion to 
oauae constant rubtlng of the mineral partlolaa upon each 
other and thus azpoae fresh surfaces to the hot oil hath. 
It may he noted here that the action of the hot oil Ibath on 
the shale bitumens is not merely a liquefying or solvent 
aotlon. hat InTOlves a ohemioal brealcing down and deoomposl- 
tlon of said bitximena into lighter produots. !l!he heavy oil 
added to the shale in making up the digestion mixture is also 
in its t\irn broken down to yield lighter produots, due 
apparently to ohemioal Interaotion between said oil and the 
ataale bitumena under the oonditions of digestion* 

During the digestion. anu«>nla ia liberated and 
oomes off with the oil vapors and the steam generated in the 
reaotion, bat no aulfurettad hydrogen is evolved the re- 
aotlve sulfur being bound by the lime* fhe oil vapors may 
be fraotionally oondensed to produoe oonnerolal distillates 
and the ammonia sorubbed out or otherwise reooyered aooord- 
ing to known methods. She unvaporiaed portion of tbs digestion 
mixture is treated, as by oentrifuglng, or by dilution with 
a lighter oil and sedimentation, to separate residual solid 
matter or ."tailings". t ther oil separated from suoh tailings 
being amendable to treatmsnt for produotlon of valuable 
lubrloatlng oils, for exampla. Xha oils, both heavy and 
lig^t, obtained as desorlbed, have maoh less tendency to 
darkea In, color, and reoain maoh olearer than when lima la 
not. added to the mlxtore* Moreover they do not deposit 
rsalnouB matter upon standing. 

It should be noted that oarbonates of lime 
and magnesia, which are often carried by shales, do not 
fonotlon usefully in the present process and do not 
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produoe the rosiilts sought. 

Tba digestion can be carried on in any saltable 
digester equipped with stirring neana and provided with a 
vapor offtake leading to a ooudenser system* Xhe stirring 
means nay advantageously serve to advanoe the fliild digestioa 
mixture in a systematio manner from a point offered to a 
point of discharge. Apparatus of this general type heing 
known in the art, no detailed description thereof is 
neoesaary here. 

Xhe residuca solids or tailings from the digestion 
having heen washed with a light oil and dried, may be 
destruotlvely distilled to obtain further hydrooarbon oils 
from suoh bituminous natter thareia as resisted or esoapad 
the aotion of the hot oil bath, and also to obtain more 
ammonia. Xha oharaoter of the tailings is suoh that this 
oan be effeotad at temperatures ranging from 700*9 initial 
to 900*1 final, the final temperature being obviously muoh 
lower thazt is required in the Sootoh prooese. This is be- 
oauss the prior digestion has rendered the residual bitumens 
less rofraotory and more amendble to heat treatment. As 
regards the readyliberatlon of ammonia, the partially hydrated 
lima serves to supply the steam needed at the higher tempera- 
tures of destructive distillation to aid In the ammonia- 
forming reaotlons. It la to be noted In this oonneotion 
that aa a result of the prior digestion the lime is present 
in paoullarly intimate oommixture with the residual aolids 
end oan thua reaot most effeotlvely. The distillation Is 
carried to coke, the hydrocarbons and ammonia driven off 
being recovered by known methods. 

The total yield of oils from shale treated by the 
method hereinatovo described is far greater than by the 
ordinary Sootoh destructive diatlllhtlon of 'raw shale, and 
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the ammonia reoovery le also larger and la obtained at 
maoh loirer temperatures. 

The inrentlon has 'been desoribed more particularly 
with referenoe to treatment of bltumlnoua shale, for the 
sake of a concrete example illuatrating the broad principles 
involved and also because the ixwantlon at present finds its 
most important praotioal applloatlon in that field. More- 
over, the treatment of abale is a problem distinct from the 
treatment of oilier bitumenif erous solids owing to the 
peoxQiarly refractory and resistant oharaoter of the bitumens 
contained in shale whloh has baffled many attempts to extract 
said bitumens by means of solvsnta. However, the pilnclples 
of the invention are also applicable to other bitumenif erous 
Bollde such aa ooals» peat, lignite and the like, whloh ean 
to advantage be oommingled in finely divided condition with 
11ns and a heavy oil, digested as before desoribed, azil the 
tailings deatmotively distilled to ooke, the prooess 
yielding valuable hydxooarbon oil fraotions, amnonia aaft 
ooke by the ratioasl and relatively low-temperature treatment 
set forth, . ,, . 

In ths treatment of sbale anS peat, vbers the ooky 
residua from deatruotlve distillation of the tailings la 
usually of too low oaloriflo value for direot use as fuel, 
there nay be a third stage in the ammonia recovery , as 
follows: She fixed oarbon of the aforesaid ooky residue, and 
whatever oarbon oaapounds have survived the final heatli« 
to 900*V. are in highly aotive cosAltion at the close of the 
dlBtillatlon and will take fire readily If exposed to air. 
By admitting suoh air into oontaot with the odky residue 
in regulated quantity, partial ocmbustion may bs effected 
whereby the tenqieratare is considerably raised and furttsr' 
anmonia liberated and' recovered. By proper control of the 
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air admleeioni a typo of prodnoer gas oan also 'be 
obtained. 



